Incident reporting has become the most popular and widely recommended method to measure undesirable events associated with hospital care. 1 -3 In many countries, anaesthesia professional organizations have made incident reporting a centrepiece of their quality assurance (QA) and patient safety improvement programmes. 4 -8 Beyond quality and safety issues, an incident reporting system can be useful in capturing rare events occurring during procedures, or with the introduction of new medications. 9 Accurate recording and systematic reporting of critical events are essential for the full utility of the systems to be realized. This is currently not the case. The utilization of anaesthesia reporting systems varies widely, from 4% to 85%. 10 -13 Little is known about which factors influence utilization of an anaesthesia incident reporting system. A number of studies have shown that education, feedback, safety culture, and the technical design of a reporting system do have an impact on reporting practices in anaesthesia. 14 -18 However, key factors that may determine reporting behaviour are the clinical context and aspect of patient care in which reporting takes place. It is currently unknown whether, for instance, time constraints during emergency procedures, complexity of anaesthesia, level of training, or the occurrence of serious and potentially litigious events impact on the use of a reporting system. The purpose of this study was therefore to investigate whether these key aspects of anaesthesia practice had an impact on the use of an incident reporting system in routine practice.
specialized surgical services, including neurosurgery, cardiothoracic surgery (including heart and lung transplantation), and a level 1 trauma centre. About 22 000 patients every year are anaesthetized for surgery or another interventional procedure. Before the procedure, appropriate preoperative assessment and examination of the patient is performed by the anaesthetist. Since 1995, we have developed an electronic patient record (EPR) to capture all patient, procedure, and organizational-related information. Data captured include patient characteristics, past medical history and co-morbidities, current functional health status, medication usage, and the ASA physical status score. This is completed during the procedure by the recording of the anaesthesia techniques used, the surgery or interventional procedure undertaken, and the classes of anaesthetic drugs administered. Non-clinical information such as time of the day and week, duration of procedure, emergency status, resident and consultant ID, and supervision level of the anaesthesia registrar/resident ('trainee') are also recorded. The recovery room and 24 h follow-up section is completed after the procedure, during a systematic postoperative follow-up visit performed by an anaesthesia trainee or the QA officer. All anaesthesia-related events (intra-or postoperative) are recorded into the EPR. The information system also integrates an incident reporting feature for all events occurring during the perioperative period. The form includes one open text and 16 predefined categories of incidents which are defined as unintended events or outcome which could have, or did reduce the safety margin for the patient. 19 These predefined categories result from a consensus conference organized in the department of anaesthesia. The form also includes a text box for narratives and a check box 'no incident' which has to be completed when no undesired event has occurred during the intraoperative period (Fig. 1) . All medical and QA staff (including consultants) is instructed in the collection of data and also receive a booklet of instructions and item definitions for the completion of the incident section of the EPR. For every procedure, it is mandatory for staff members to fill in the pre-and intraoperative sections of the EPR. The third section (postoperative period) is usually completed by the QA officer or anaesthesiologists completing the daily postoperative follow-up visit. Regular feedback is provided to staff members regarding the overall use of the system. Staff members are also encouraged to provide comments and suggestions for improvement. This is done by the QA officer during personal encounter, usually once a week and during the mortality-morbidity meeting, scheduled every Friday afternoon. During this meeting, incidents are discussed and staff members involved in the process usually describe the sequence of event and suggest a number of corrective strategies to avoid incidents occurring again. Incidents are also analysed outside the mortality-morbidity meeting, as part of the departmental QA programme.
Study design, risk factors, and outcome variable
After institutional ethics approval, we performed a retrospective cohort study using data collected and recorded between 4 We also used timing, duration, emergency, and after/late hour status of procedures, to classify some aspects of working conditions. In-hours procedures were those performed between 7:00 a.m. and 6:59 p.m. and after-hours those between 7:00 p.m. and 6:59 a.m. Late-hours procedures were those starting within hours but extending into the after-hours period and associated with day/night shift changes of the anaesthesia team. All procedures during day and night time performed on a non-scheduled basis were defined as emergency procedures. Anaesthesia-related complications identified during the follow-up visit were classified according to a previously described classification scheme into: (i) death, (ii) increased care/risk with irreversible deficit, (iii) increased care/risk with reversible deficit, (iv) increased care/risk without function deficit, and (v) no change in hospital course. 21 To measure risk of liability in anaesthesia-related complications, we performed a broad literature search of anaesthesia-related liability cases in the USA, Australia, Canada, and the UK. We identified all types of undesired anaesthesia-related events which were usually followed by compensation claims. 22 -25 According to their reported frequency among claim files, a histogram was built and events were classified into three equal categories: low, intermediate, or high incidence and risk of liability. The few events recorded in our EPR that could not be clearly identified in the literature (i.e. hoarse voice) were discussed with a second consultant anaesthetist and classified following consensus. The no-risk and low liability risk categories were aggregated.
To measure the non-use of the incident reporting system, we developed a combined outcome which integrated both the 'no incident' variable and the 16 different categories of predefined incidents variables of the EPR. Non-utilization of the reporting system was defined as a missing value in all the 16 predefined categories of incidents and in the 'no incident' field of the patient record (either an incident has occurred or not).
Statistical analysis
For descriptive analysis, we used frequencies and percentages. Continuous variables such as age and time of surgery were transformed into separate and mutually exclusive categories; ASA IV and V categories were aggregated. Surgical procedures were described according to the ICD-10-AM main category codes. Training level from year 1 to 5 was aggregated into two main categories, basic training for year 1 and 2, advanced training for year 3-5. Team composition was determined according to supervision level of trainees: category 1 for one consultant working and supervising one anaesthesia trainee in the same operating theatre; category 2 for one consultant working and supervising several anaesthesia trainees in different operating theatres; and category 3 for one consultant working and supervising several anaesthesia trainees in different operating theatres but who was not present in the immediate area but readily available. Anaesthesia-related complications were aggregated into three main categories: (i) severe followed by death or permanent disability within 24 h; (ii) reversible deficit with change in postoperative hospital course; and (iii) reversible deficit with no change in postoperative hospital course.
We first performed a univariate analysis comparing all patients, procedures, working conditions, staff, and complication-related factors during operations with and without use of the incident reporting system. x 2 , Fisher's exact test, or binary logistic regression was used, and derived odds ratio (OR) with 95% confidence interval (CI) calculated to assess differences between the groups. An OR .1.0 indicates a reduced risk of non-utilization, and thus represents a greater likelihood of compliance with EPR reporting. To identify independent risk factors for non-utilization, we performed multivariate analyses using logistic regression. We built multivariate models using a forward selection technique, considering only univariate risk factors with a P-value of ,0.10 and expected count of at least 5 in the contingency tables. Variables that were still significant at P,0.1, or that had strong clinical significance (age, type of anaesthesia, team composition) were retained. An interaction term was created and introduced into the model to account for the interaction phenomenon between ASA score and the type of anaesthetic procedure performed. To model the interaction effect between training level and team composition, we performed a stratified analysis. As collinearity was diagnosed between after-hour and emergency procedure, only the latter was retained in the final model. The significance of the Hosmer-Lemeshow goodness-of-fit test was 0.26.
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Final results are expressed as adjusted 95% CI and P-values. A P-value of ,0.05 was considered statistically significant. We used the Statistical Package for Social Sciences, SPSS (Version 17, SPSS Inc., Chicago, IL, USA) for all analyses. Factors for non-reporting in anaesthesia
Results
After data retrieval of 48 983 patients, we excluded 2776 (5.6%) patients for double data entries and missing patient characteristic and procedure-related information. The final study cohort included 46 207 patients who had an anaesthetic procedure during the study period and were further analysed.
In 7022 (15.1%) cases, we found non-utilization of the incident reporting system during the anaesthesia, for which univariate correlates are presented in Table 1 . Significant factors include patient age, known (previous) anaesthetic risk factors, hypertension and coronary artery disease, ASA physical status, and some surgical procedures and types of anaesthesia (Table 1) .
After adjusting for the influence of patient age, comorbidities, anaesthetic risk, and type of surgery on the choice of the anaesthesia technique used, on the working context and anaesthesia team composition, most risk factors and associations identified in the univariate analysis were confirmed (Table 2) . More complex anaesthesia, indicated by the use of advanced monitoring or blood transfusion, when compared with regional anaesthesia or sedation procedures, had reduced non-utilization, OR 0.57 (95% CI: 0.51-0.64) and 0.62 (95% CI: 0.52 -0.74), respectively. Similarly, during intermediate (.65 min) and long procedures (.120 min), it had reduced non-utilization, OR 0.81 (95% CI: 0.74 -0.88) and 0.85 (95% CI: 0.76-0.94), respectively, both P,0.001 ( Table 2 ).
The working context had no impact except for emergency procedures, adjusted OR 1.15 (95% CI: 1.05-1.27). Multivariate analysis also confirmed that seniority of trainees was a protective factor for non-use, OR 0.86 (95% CI: 0.81 -0.92). This difference was unaffected by the presence or absence of a consultant anaesthetist in the same theatre (Fig. 2) . However, when consultants worked on their own, they were more likely to not use the reporting system, OR 1.71 (95% CI: 1.03 -2.82).
When severe complications with a potential risk (low, intermediate, or high) for litigation had occurred, the reporting system was more likely to be used, OR for non-use 0.54 (95% CI: 0.30 -0.99) to 0.75 (95% CI: 0.61 -0.93), depending on incident types (Table 3 ).
Discussion
We found that clinical aspects of everyday anaesthetic practice had a significant impact on incident reporting behaviour. Increased complexity of anaesthetic procedures performed, duration of surgery, seniority of trainees, and the presence of anaesthesia-related complications with a higher risk of litigation were associated with greater use of the reporting system. In contrast, emergency procedures or those performed by consultants with no trainee in theatre were associated with less use of the reporting system. Weekend, night time, or prolonged after-hour periods did not impact on reporting practices.
Only a few studies have explored the influence of clinical factors on reporting practices in anaesthesia. In one series of 734 reported incidents, authors did not find any impact of patient clinical condition and severity of outcome on the rate of reporting. 21 In a survey of Canadian anaesthetists, workload was frequently identified as a barrier to voluntary reporting. 27 In contrast, in our study, we found that increased workload (general anaesthesia with advanced monitoring or blood transfusion) and the presence of a significant complication were rather an incentive than a barrier to incident reporting. These discrepancies may be explained by differences in study methodology. In our study, as the nonutilization of the incident reporting system could be tracked electronically, we were able to capture a large number of events which significantly increased our study power and the likelihood to detect differences among groups. Also, we did not perform any staff survey or peer review process of anaesthesia procedures and we relied on EPRs exclusively. Beyond these differences, it is interesting to understand why straightforward anaesthetic and surgical procedures in ASA I or II patients discouraged anaesthetists from using the incident reporting system. There may be several explanations. One is that the type and characteristics of incidents occurring during such procedures (i.e. hypotension, transitory respiratory arrest) may not be considered by anaesthetists as warranting a report. Previous studies have shown that minor anaesthetic incidents are usually not reported or incompletely reported, as opposed to more major ones. 28 Another possible explanation may be the shorter duration of uncomplicated procedures in ASA I and II patients which result in a major shift of the workload towards induction and emergence-related activities rather than monitoring and recording activities. Previous studies have shown that the proportion of time allocated to completing a patient record during an anaesthetic procedure represents about 10-12% of the overall activity and this occurs mostly during the intraoperative period when vigilance and attention to abnormal variations is higher. 29 -31 This may also explain why we found that the likelihood of not using the reporting system during ultra-short procedure compared with intermediate (.65 min) or long procedures (.120 min) was higher. Another finding from our study is that junior trainees were less likely to use the reporting system. Similar findings have been previously published in non-anaesthetic settings. 32 33 Fear of blame by senior staff may be a factor. 34 However, we also found, in the multivariate analysis, that consultants working on their own were less likely to use the reporting system. This was unexpected and in contrast to existing literature. 32 33 One possible explanation is that consultants working on their own without being involved in trainee supervision activities were too busy (providing anaesthesia care) or were more likely to ignore reporting responsibilities without an immediate responsibility of mentorship. Maybe senior/ experienced anaesthetists have a different perspective, and attach little significance to minor incidents as they view them innocuous. It is also possible that consultants have lost the systematic habit of reporting incidents, as in many 
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Factors for non-reporting in anaesthesia cases of supervision 2 or 3, trainees are the ones in charge of performing the intraoperative data collection process. We also found that the level of consultant supervision had no impact on reporting practices. In our hospital, there are regular educational sessions scheduled once a week that include mortality and morbidity review in a transparent, blame-free, and instructive environment. As a result, there is strong encouragement for incident reporting and enhancement of a departmental safety culture occurs largely outside theatre rather than when procedures are performed.
Finally, our study results showed that perceived risk of litigation was rather an incentive than a barrier to the use of a voluntary incident reporting system. There are several possible explanations for this. First, undesirable events with a high likelihood of patient or family compensation claims are often those which are the most visible (e.g. dental injury, intraoperative death, brain damage). As a result, they may be perceived as clearly warranting reporting more than complications with low impact and visibility (e.g. transitory vomiting). Secondly, incidents with high or intermediate risk of compensation claims are also more likely to attract the scrutiny of peers and other hospital staff. Reporting these events may be viewed as a way to emphasize one's 'state of the art' professional attitude and behaviour. 2 35 Patient safety experts agree that to improve one's clinical practice, we must audit and respond to unexpected incidents. 2 There is little doubt that a supportive legal environment that protects the reporter -clinician (or hospital) aids this process. 23 24 27 There is a strong view that these reports have had an educational impact and decreased the risk of litigation arising from incidents involving anaesthetists. 21 36 A number of limitations of this study should be considered. This was a single-centre study. Therefore, it is unclear whether our findings reflect more the local reporting culture than customary behaviour of anaesthetists throughout the world. As incidents are openly discussed in the department during Friday afternoon meetings, this may reinforce local safety culture. However, many of our findings are similar to those identified in other studies, countries, and 12 20 supporting the generalizability of our study conclusions. As we performed a retrospective study on existing data, a number of variables not included in the initial data collection system could not be analysed. These include light, noise conditions, and a number of other human factors which may significantly impact on reporting rate but were not captured in our study. 37 We may have missed a number of situations where incidents may have been disclosed and discussed during mortality -morbidity meetings without being systematically recorded into the reporting system, thus over-estimating the level of underutilization of the system. We also used as a measure of nonreporting, the use or non-use of the system. We were unable, as we did not use a gold standard (i.e. medical record review; direct observation) to confirm the true presence or absence of incidents during procedures. It is therefore unclear whether the reporting system was not used because there was no incident occurrence or whether anaesthetists were unwilling to disclose a preventable incident. We based our classification of litigation risk on a rigorous literature search; however, these are only likelihoods not certainty. Despite these limitations, our findings question the common view that healthcare professionals fear litigation and hide adverse events. They remind us that incidents are facts, not judgements, and there should be no danger that incident reporting will increase litigation risk.
To our knowledge, this is the first study using a quantitative approach to measure clinical factors associated with the non-use of a reporting system in an area where evidence relies on qualitative studies and empirical surveys. Future research should look at designing a prospective study using direct observation in the operating theatre to identify more systematically human factors associated with the non-use of incident reporting systems. 38 The combination of physician surveys and direct observation could also be performed and results compared in order to determine mismatches between stated and real reporting practices. This should contribute to the better understanding of how incident reporting systems are used in anaesthesia, a crucial aspect for anaesthesia development.
In conclusion, under-utilization is a major weakness of voluntary incident reporting systems in all healthcare disciplines. Clinical factors associated with the practice of anaesthesia can explain some of this phenomenon. While increased complexity of anaesthetic procedures performed, duration of surgery, and seniority of trainees improve the use of the reporting system, time constraints and unfamiliarity with the system represent significant obstacles to reporting.
